This study acquires the potential of rice husk silica for production forsterite precursors using sol-gel method. The samples preparation were conducted by mixing magnesium oxide sol from Mg(NO 3 ) 2 .6.12H 2 O with silica sol extracted from rice husk, with three different composition ratios of MgO to SiO 2 are 1:1, 2:3 and 3:2 by weight and sintered at 900 o C. The samples were characterized using Fourier transform infrared (FTIR) spectroscopy, x-ray diffraction (XRD),differential thermal analysis (DTA), followed by scanning electron microscopy (SEM). The FTIR results showed the presence of Si-O-Si, Mg-O and Mg-O-Si functional groups, which were associated with forsterite, enstatite, cristobalite and periclase, according to the XRD analysis. The formation of forsterite (Mg 2 SiO 4 ) is composition-dependent as revealed the increase of forsterite intensity after sintered at 900 o C in ratio 3:2. The surface morphology of non-sintered samples shows that particle and grain size were larger than particle and grain size of sintered samples. Also, SEM analysis of sintered samples clearly shows the presence of regular particle size with smaller grain size was found in ratio of MgO to SiO 2 is 3:2. DTA analysis revealed that the formation of forsterite increased with increasing temperature. In addition, the electrical resistivities of the samples were found in the range of 0.75 x 10 13 to 3.30 x 10 13 Ω-cm, demonstrating that the samples exhibit good potential as isolator.
INTRODUCTION
Forsterite is a crystalline magnesium silicate ceramic with chemical formula Mg 2 SiO 4 , which has a melting point at temperature around 1890 o C, good electrical insulation with value of electrical resistivity is 10 13 -10 15 Ω cm 1 , low thermal expansion, good chemical stability and excellent insulation properties even at high temperatures 2 , and makes its suitable for use in thermal insulation. In addition, forsterite has low dielectric constant ε» 6.8, making this material suitable for dielectric component for wave communication 3 . It is also well known that the crystal structure of forsterite is orthorhombic with unit cell of a = 47540 nm; b = 101971 nm; c = 59806 nm, and space group pbnm 4 , which could be regarded as consisting of SiO 4 tetrahedral linked together by MgO 6 octahedral 5 , but this MgO 6 octahedral could be changed into MgO 4 and MgO 5 using thermal treatment. These structure changes reflect a change from glass phase into corner-shared tetrahedral mixture in which SiO 4 and MgO 4 are linked together by MgO 5 polyhedral 6 . Structure and properties of forsterite ceramics are strongly dependent on the homogeneity, particle size distribution, phase purity of the initial powder, and preparation method.
Several different methods are widely recognized to produce forsterite ceramics. These methods include solid-state reaction [7] [8] [9] [10] [11] [12] , wet reactions 1, 13 and sol-gel [14] [15] [16] [17] . The production of forsterite through the solid-state reaction usually requires high temperature and long reaction time, while the sol-gel process can promote molecule-level of mixing, results in high degree of homogeneity, which leads to reduced temperature and prevention of phase segregation during heating. However, the formation of a single phase forsterite, in the oxide systems MgO-SiO 2 is difficult to obtain. It is always accompanied by secondary phases formation such as polymorphs of enstatite (MgSiO 3 ), silica (SiO 2 ) and/or periclase (MgO). This fact leads to the requirement of synthetic forsterite as one product of MgO-SiO 2 system. In previous study, the presence of enstatite (MgSiO 3 ) phase could be detrimental to the high temperature properties since enstatite dissociates into forsterite and silicarich liquid at around 1557 o C 18 . However, the quality of forsterite degrades substantially in the presence of glass impurity and high quality can be achieved when forsterite is synthesized from high purity raw materials 19 .For example, Kosanoviae, et al., 8 using powder mixtures of NH 4 -exchanged zeolite and MgO as starting materials reported that thermal treatment of the mixture above 900 o C resulted small amount of minor phases and forsterite as a dominant phase. Several researches 15, 20 , the use of a heat treatment, typically in the temperature range of 1000 to 1500 0 C has been employed as part of the synthesis process to obtain phase pure forsterite.
According to the above obstacles, solgel method is expected to be an efficient method to increase the chemical homogeneity of the product and to reduce the reaction temperature, since this method allows the processing at lower temperatures and production of more homogeneous forsterite ceramics. However, in multi-components silicate system, hydrolysis and condensation rates are different with in silica and other alkoxides may cause non-uniform precipitation and that chemical inhomogeneity of the gel, leading to higher crystallization temperature 8, 21 . As an example, by using magnesium nitrate hexahydrate and colloidal silica as raw materials, Fathi and Kharaziha 13 found that nano-crystalline forsterite with the particle size of 17-20 nm could be produced using sol-gel method followed by sintering at 800 In the context of ceramic material, one source of silica is rice husk ash as agriculture waste is known to contain silica in considerable amount, which could be extracted by relatively simple method to obtain high purity, and active silica. Several researches [22] [23] [24] reported that pure silica can be extracted with the purity in the range of 94-98% exists as amorphous and reactive. Many attempts have been made to utilize rice husk silica to produce various silica based materials, such as production of nanosilica [25] [26] , zeolites 27 , silica aerogel 28 . In our previous investigations, several ceramic materials derived from rice husk silica reported in literatures are borosilicate 29 , carbosil 30 , aluminosilicate 31 , mullite [32] [33] and cordierite [34] [35] .
The present wor k investigates the preparation method of producing forsterite by using sol gel method and making use of biomaterial rice husk silica with relatively high purity product. The specific goal of this study is to evaluate the effect of different composition on the phase composition, microstructure, and electrical resistivity of forsterite synthesized. Characterization of the samples was carried out using FTIR, XRD, DTA and SEM. The electrical resistivity (ρ) of samples were measured using the four-point probe method.
MATERIAL AND METHODS

Preparation of silica and magnesium sols
Preparation of silica sol was conducted following the procedures that have previously been applied 29, 35 . In the first step, rice husk was washed with hot water to remove contaminants of water soluble organic matters present, and then dried in the room temperature. The dried husk (50 g) were stirred in 500 mL of 5% KOH solution. The mixture was boiled in a baker glass for 30 minutes. The mixture was allowed to cool to room temperature and left for 24 hours. The mixture was filtered to separate the filtrate which contains silica (silica sol). Magnesium sol was prepared by dissolving 30 g of (Mg(NO 3 ) 2 .6H 2 O into 100 mL ethanol in a beaker glass under magnetic stirring for 4 hours.
Synthesis of forsterite
To obtain the solid forsterite, calculated quantities of silica sol were added under stirring to the appropriate volume of magnesium sol to give the ratios of magnesium oxide and silica (MgO:SiO 2 ) as a mass ratio of 1:1, 2:3 and 3:2. The mixture was heated at 90 o C under continuous stirring to transform the sample (sol) into gel. The gel was aged for three days, rinsed repeatedly with deionised water to remove the excess of acid and alkali, and then oven dried at 110 o C for 6 h and grounded into powder with the size of 200 meshes. The powder was pressed in a metal die with the pressure of with the pressure of 2 x 10 4 N/m 2 to produce cylindrical pellet, and then the pellet was sintered at 900 o C, using temperature programmed with a heating rate of 3 o C /min. and holding time of 4h at peak temperatures.
Characterization of forsterite Functional group analysis
A Perkin Elmer Fourier Transform lnfrared (FTIR) Spectrometer was used to study the functional group of the forsterite. For measurement, sample was prepared by grinding together approximately two mg of forsterite powder with 300 mg potassium bromide (KBr) in a mortar, and the mixture was pressed to obtain a KBr pellet. The FTIR spectrum was generated by scanning the sample over the wave number range of 4000 to 400 cm -1 at a resolution of 4 cm -1 .
X-ray diffraction analysis
The XRD pattern was collected using an automated Shimadzu XD-610 X-ray diffractometer with Cukα (radiation (λ= 0.15418 Å, produced at 40 kV and 30 mA). The diffractogram was recorded over the goniometry (20) ranging from 5-75. with step size of 0.02 and counting time of 1 sec/step, and post-diffraction graphite monochromator with Nal detector.
Differential thermal analysis
Differential thermal analysis (DTA) was carried out using DTA Merck Setaram Tag 24 S. The thermogram was produced by scanning the sample at temperature range of 30 to 1000 o C.
Scanning electron microscopy analysis
Scanning electron microscopy (SEM) (Philips-XL) was used to analyse the shape of developed microstructure of forsterite. Samples were prepared by thermally etched at temperature of 1000 o C.
Electrical measurement
The electrical measurements were measured by a four-point probe method.
RESULTS AND DISCUSSION
Functional group of synthesized forsterite FTIR spectra of non sintered and sintered samples at 900 0 C with different ratios of MgO to SiO 2 are shown in Fig. 1a and 1b, respectively. FTIR was conducted to follow the dehydration reaction of sample and the formation of Mg-O-Si bands. The results show the same functional groups for all samples. As shown in Fig 1(a-b) 6 . In all of spectra (Fig. 1a-b) , small peaks were observed at around 2396, and 1642 cm -1 , which are commonly assigned to vibration of C=O and C-O bond 37 , probably originated from the residue of natural organic components of the husk and from atmospheric CO 2 absorbed by the samples. As can be seen in the samples treated at 900 o C, the peak is decreased, suggesting that at this temperature, the bound CO was driven off from the sample. Qualitative XRD was conducted by comparing the diffraction lines with those in the standard PCPDF files using search-match method 38 . According to this method, the phases identified in the non-sintered samples (Figure 2a) show the presence of enstatite/MgSiO 3 (PDF-11-0273), with the most intense peak at 2θ = 28.2 0 , silica/SiO 2 (PDF-47-0715) at 2θ = 23.8 0 , and periclase/MgO (PDF-45-0946), at 2θ = 42.9 0 .For the non sintered samples (Fig.  2a) with different ratio of MgO to SiO 2 show the formation enstatite increase with increasing MgO. It seems that at the initial stage, the magnesium nitrate hydrate must have reacted with silica (SiO 2 ) to produce enstatite (MgSiO 3 ) as described in equation 1. The features of the non sintered samples also indicate that some of the silica remains intact as demonstrated by the existenceof SiO 2 phase and enstatite. For the sintered samples (Fig 2b) reveal the formation of forsterite, suggested that diffusion of MgO takes place through the enstatite, forming the forsterite phase as described in equation 2, as previously reported by others 20 ,while the existence ofpericlase is most likely due to oxidation of magnesium. Comparison of the XRD patterns of the non sintered samples (Fig. 2a) to those of the sintered samples (Fig. 2b) , very significant effect of sintering temperature is evidently observed. In the sintered samples at 900 o C (Fig. 2b) (Fig. 2b) with ratio of MgO to SiO 2 are 2:3; 1:1 and 3:2 show the formation forsterite increase with increasing MgO. The presence of the secondary phases could be assigned to an incomplete reaction or insufficient homogeneity of the precursor mixtures. The cristobalite is most likely formed as a result of rice husk silica crystallization during the thermal treatment, while the periclase originated from magnesium nitrate hexahydrate. The presence of secondary phases were also detected in the previous study by wahsh et al., 39 and Rani et al., 40 .In relation with the formation of forsterite in sintered samples, the XRD analyses clearly indicated that this phase has been produced at 900 o C, and increased MgO was found to promote the formation of more forsterite (Fig. 2b) , as reflected by enhanced intensity following the MgO, which agree with reactions presented above. The elimination of enstatite phase in the sintered samples confirmed that complete reaction of this phase with silica has occurred at the temperatures applied. Thermal treatment was found to lead to transformation of amorphous silica into cristobalite, which is in agreement with the nature of silica.
Thermal characteristics of synthesiz ed forsterite
The XRD analyses clearly indicated that existence of forsterite as expected, however this method provides no information regarding the mechanism of the formation of forsterite phase. Therefore, to gain some insights on how the process leading to forsterite formation took place, the samples were analysed using differential thermal analysis (DTA). Each of the sample was subjected to DTA in the temperature range of 50-1000 o C, producing thermograms compiled in Figure 3 . C could be assigned to the dehydration of silica and magnesium hydroxide, as supported by FTIR results and which is in agreement with the results of others 36 . The small endothermic peak at 461 ï C corresponds to amorphous phases and the endothermic peak at 658 0ï C correspond to the talc hydroxylation and its transformation to enstatite, and endothermic peak at 830 0 C due to the crystallization of forsterite formation, as supported by previous study [41] [42] . In the non sintered samples (Fig. 3b and  c) it can be seen that the peak associated with evaporation of water is much smaller compared to that observed in the sample in Fig. 3a , suggesting that samples contain less water and are more dense. In addition, it is quite evident that phase transformation has taken place as indicated by increased peaks at 360, 461, 658 0 C, indicating that periclace, silica and enstatite have been produced. The forsterite peaks were seen at 830 and 945 0 C. As displayed by the thermo grams of the sintered samples in Fig. 3d-f , it is quite different characteristics to those of the non sintered samples in Fig. 3a-c .It is evident that forsterite has been more clearly produced by increased peaks from 695 to 950 0 C.These temperature calcinations were also detected by Kamalian et al 43 . Based on the results of DTA, it can be concluded that thermal treatment plays an important role in facilitating the phase formation in the samples.
Microstructural characteristics of synthesized forsterite
The surface morphologies of the non sintered and sintered samples at 900 0 C with different ratio of MgO to SiO 2 were characterized using SEM. Fig. 4(a-c) show the microstructure non sintered samples with different ratio of MgO to SiO 2 are 2:3, 1:1 and 3:2, respectively. Fig. 4(d-f) present the microstructures sintered at 900ºC with different ratio of MgO to SiO 2 are 2:3, 1:1 and 3:2, respectively.
As displayed by the images in Fig. 4(a-c) , the surfaces morphologies of the samples are marked by the existence of particles with different grain sizes and distributions. The sample prepared at ratio 2:3 ( Fig. 4a) is marked by large grains with less evident grain boundaries, compared to those observed for the other two samples (Fig. 4b-c) .It is obvious that the clusters in the sample prepared at ratio 2:3 is surrounded by large grains. The large clusters are most likely composed of enstatite and silica. The surface of samples prepared at ratio (1:1 and 3:2) are dominated by large grains with clear evident grain boundaries composed of enstatite and distributed some small grains of silica.
Comparison of the surface morphologies of the non sintered samples (Fig. 4(a-c) to those of the sintered samples ( Fig. 4d-f) , very significant effect of sintering temperature is evidently observed. The micrographs presented in Fig. 4d -f demonstrate significant effect of sintering temperature on the size and distribution of the particles on the surface. As displayed by the images in Fig. 4d-f , the surfaces morphologies of the samples are marked by the existence of particles with different grain sizes and distributions. The sintered sample prepared at ratio 2:3 ( Fig. 3d) is marked by large and small grains with less evident grain boundaries, compared to those observed for the other two samples (Fig. 4e-f) .It is clear that the grains in the sintered sample prepared at ratio 2:3 is surrounded by large and small grains. The large grains are most likely composed of forsterite, while the small grains are cristoballite. The surface of sintered samples prepared at ratio (1:1 and 3:2) are dominated by large grains with clear evident grain boundaries composed of forsterite and distributed some small grains of cristobalite.
Electrical characteristics of synthesized forsterite
Another important finding of this study is the effect of sintering temperatures on the electrical resistivities of the samples, as presented in Table 1 .
Electrical resistivity of the samples was found to increase with increasing temperatures, in which the resistivities of the non sintered sample and the samples sintered at 1000 to 1300 o C are ranging from 0.75 x 10 13 to 3.30 x 10 13 Ω-cm. In general, the samples can be considered as isolator since the resistivities of isolators normally range from 10 10 to 10 20 Ω-cm
44
.
CONCLUSIONS
The synthesis and characterisation of forsterite precursors derived from rice husk silica have been successfully demonstrated. XRD result on the non sintered samples show the presence of enstantite, silica and periclase. Significant effects of MgO-SiO 2 ratioand sintering temperatures on the formation of forsterite characteristics were well identified. In overall, the forsterite synthesized are electrical isolators, implying their potential to be used in devises requiring electrical insulation components.
